Objective To assess the efficacy of an intervention designed to improve the mother-infant relationship and security of infant attachment in a South African peri-urban settlement with marked adverse socioeconomic circumstances. Design Randomised controlled trial. Setting Khayelitsha, a peri-urban settlement in South Africa. Participants 449 pregnant women. Interventions The intervention was delivered from late pregnancy and for six months postpartum. Women were visited in their homes by previously untrained lay community workers who provided support and guidance in parenting. The purpose of the intervention was to promote sensitive and responsive parenting and secure infant attachment to the mother. Women in the control group received no therapeutic input from the research team. Main outcome measures Primary outcomes: quality of mother-infant interactions at six and 12 months postpartum; infant attachment security at 18 months. Secondary outcome: maternal depression at six and 12 months. Results The intervention was associated with significant benefit to the mother-infant relationship. At both six and 12 months, compared with control mothers, mothers in the intervention group were significantly more sensitive (6 months: mean difference=0.77 (SD 0.37), t=2.10, P<0.05, d=0.24; 12 months: mean difference=0.42 (0.18), t=−2.04 , P<0.05, d=0.26) and less intrusive (6 months: mean difference=0.68 (0.36), t=2.28, P<0.05, d=0.26; 12 months: mean difference=−1.76 (0.86), t=2.28 , P<0.05, d=0.24) in their interactions with their infants. The intervention was also associated with a higher rate of secure infant attachments at 18 months (116/156 (74%) v 102/162 (63%); Wald=4.74, odds ratio=1.70, P<0.05). Although the prevalence of maternal depressive disorder was not significantly reduced, the intervention had a benefit in terms of maternal depressed mood at six months (z=2.05, P=0.04) on the Edinburgh postnatal depression scale). Conclusions The intervention, delivered by local lay women, had a significant positive impact on the quality of the mother-infant relationship and on security of infant attachment, factors known to predict favourable child development. If these effects persist, and if they are replicated, this intervention holds considerable promise for use in the developing world. Trial registration Current Controlled Trials ISRCTN25664149.
INTRODUCTION
Extensive research over the past three decades has shown that when infants experience reliable care that is sensitive to their developmental needs over the first year or so of life, they are likely to develop a secure attachment to their principal carer, usually their mother, 1 and that this security of attachment endures through to adulthood. [2] [3] [4] [5] In turn, security in the infant's key attachment relationship is associated with better outcomes in several domains of development, in both the short term and the longer term. In early and middle childhood, the benefits of a secure attachment are principally shown in good peer relationships and socioemotional adjustment 6 7 ; in adulthood, associations are consistently found with lower rates of mental health problems. 1 Notably, emerging evidence also indicates benefits of secure attachments for physical health, including lowered rates of failure to thrive in infancy and early childhood, fewer chronic and recurrent health problems, and better health and lifestyle practices in adulthood (for example, in relation to smoking, drug use, and sexual behaviour), and these benefits are reliably associated with lower health costs. 8 The capacity of parents to provide the kind of care that promotes security of attachment in infancy and good developmental outcome in childhood can be severely compromised in adverse conditions such as poverty, particularly when mothers have depression. [9] [10] [11] This is of particular concern in populations in the developing world, where rates of poverty and of maternal depression after childbirth are high. 12 Research in Khayelitsha, a peri-urban settlement in South Africa, where a high prevalence of maternal depression was found, also showed, for example, marked impairments in mother-infant interactions compared with those seen in populations in the developed world. 13 A recent extension to this work showed that these early parenting difficulties were associated with longer term insecurity in the motherinfant attachment relationship. 14 Interventions in the developed world have been successful in bringing about improvements in mother-infant relationships and infant attachment when they are focused on difficulties in parenting behaviours, 15 and an urgent need exists to develop such interventions for developing world contexts. Moreover, given the marked limitation in healthcare resources, interventions in the developing world that capitalise on locally available resources are a particular priority.
A small case series in Khayelitsha, in which local mothers from the community were trained to give support to mothers of young infants, produced promising evidence of an improvement in mothers' capacity to interact sensitively with their infants. 16 The study reported here was a randomised controlled trial of this intervention, which aimed to determine not only whether short term improvements could be brought about in mother-infant interactions but also whether a reduction could be achieved in rates of insecure attachment later in infancy. We had the secondary objective of determining whether the intervention would confer benefits in terms of maternal mood. With regard to mother-infant interactions, as well as the general characteristic of sensitive responsiveness, we also sought to reduce rates of highly intrusive parenting. We had found that this type of parenting difficulty, in which parents impose their own agenda and cut across, or interfere with, the infant's behaviour, is particularly common and extreme in Khayelitsha; moreover, extensive research has shown that intrusive parenting is a major risk factor for those poor childhood outcomes that are of particular concern in such communities, such as conduct disorder and gang violence. 17 18 These same childhood behavioural problems are also associated with particular kinds of attachment insecurity-namely, those in which the infant fails to treat the parent as a source of comfort and trust and instead either avoids contact with them when distressed (the avoidant insecure pattern) or else responds in a confused and dysregulated fashion (the disorganised attachment pattern). 19 When considering attachment outcome, therefore, we were particularly concerned to reduce rates of these two forms of insecurity.
METHOD

Protocol, design, and objectives
The study was a randomised controlled trial, in which we randomly assigned pregnant women to an intervention group or a no treatment control group. We made independent assessments, blind to treatment groups, before treatment, at the end of treatment, and at 12 months and 18 months postpartum.
The study took place in two adjoining areas of Khayelitsha (SST and Town II), a peri-urban settlement of between 500 000 and 750 000 people on the outskirts of Cape Town, South Africa. SST is an informal settlement of shacks characterised by particularly high levels of unemployment and poverty; most shacks are without running water, and considerable overcrowding exists. Many of the inhabitants are recent migrants from rural parts of South Africa. Town II, into which SST merges, is characterised by a somewhat better standard of living. Dwellings are supplied with electricity, most have an indoor water supply, and increasing numbers are served by an indoor waterborne sewage system. Since the election of the ANC government in 1994, a concerted nationwide effort has been made to improve housing conditions; during the study period, much of SST was razed and the inhabitants were accommodated in better housing nearby, similar to that in Town II.
Sample size
Our own epidemiological work in Khayelitsha showed that most (58%) of the mothers were rated as being insensitive to their infant during play interactions (compared with a rate of 25% in a British sample of non-depressed mothers 20 ). 13 If the intervention was to effect an improvement by six months in the quality of the mother-infant relationship of at least one third (the same order of improvement as effected by interventions in developed countries 1 ), this improvement Participants Over a period of 22 months, we made efforts to identify and recruit unselected women living in SST and Town II who were in the last trimester of their pregnancy (on the basis of the accounts of their gestation that women had received from the antenatal clinic). Throughout the recruitment period, over three week cycles, a research assistant visited all the homes in both areas to inquire whether anyone had become pregnant or a pregnant woman had moved into the area and to invite identified women to participate in the study. We anticipated a substantial loss to follow-up, particularly after women had delivered their infants, because many women from rural areas come to the city to use the obstetric services and then return to their rural homes. We identified a consecutive series of 452 women as pregnant within the study area and invited them to take part in the study. Of these, only three refused. After the women had given written informed consent, we made an antenatal assessment to obtain demographic details (such as age and marital status) and information on wider circumstances (such as obstetric factors and housing conditions); we also assessed mental state (see below). We then assigned the 449 women to the intervention or control group by using minimisation, 21 balancing for antenatal depression, whether or not the pregnancy was planned (that is, factors known to be associated with adverse outcome 14 ), and whether the mother was living in SST or Town II. We did not pay the women for their participation in the research, but at each assessment we provided a small gift for the infant (an item of clothing). Seven pairs of twins were born, of whom we included only the first born child in the study.
Assignment
The relevant information from the initial assessment was communicated by telephone to the trial manager (MT), who ran the minimisation programme and communicated group assignment. The figure shows the progress of participants through the study. By the final assessment at 18 months postpartum, 107 of the 449 women were lost to follow-up, leaving 342 women (76% of the original sample); most of the losses occurred, as anticipated, in the six month period after delivery. This is consistent with the known high mobility within this community and equivalent to the proportion lost to follow-up in our previous study in the same two areas. 13 14 The women lost to follow-up did not differ from those retained in terms of demographic characteristics (parity, marital status), apart from age; those lost were somewhat younger than those retained (mean 24.9 (SD 4.4) years versus 26.1 (5.8); t=2.07, df=447, P<0.05), and neither did they differ on any of the minimisation criteria or on area of residence.
Intervention
We based the intervention on an adaptation of a preventive intervention programme by health visitors devised for implementation in Britain, which itself closely follows the principles contained in The Social Baby. 22 We adapted this programme for the Khayelitsha project by incorporating the key principles of the World Health Organization's document Improving the Psychosocial Development of Children. 23 The content and conduct of the intervention was specified in a manual, which was used to train the therapists. (This manual is available at www.reading.ac.uk/psychology/research/ child-development/clinical-subgroup.asp). The aim of the intervention was to encourage the mother in sensitive, responsive interactions with her infant. A major aspect was the use of particular items from the neonatal behavioural assessment schedule, 24 to sensitise the mother to her infant's individual capacities and needs. The intervention was delivered by four women, resident in Khayelitsha, who had been selected with help from the local community council. The women had no formal specialist qualifications, although all were mothers. Two had completed schooling. They received training over a four month period in basic parenting and counselling skills, as well as in the specific mother-infant intervention. An experienced community clinical psychologist (ML) provided them with group supervision throughout the study, on a weekly basis, offering session by session supervision. The intervention was delivered in participants' homes in hour long sessions. The women in the intervention group were visited, ideally, twice antenatally, weekly for the first eight weeks postpartum, fortnightly for a further two months, and then monthly for two months (that is, 16 sessions in total, ending at five months postpartum). Women in the control group received the normal service provided by the local infant clinic (as did the intervention group). This involved fortnightly visits by a community health worker, who assessed the physical and medical progress of mothers and infants, and encouragement of mothers to take their infant to RESEARCH the local clinic to be weighed, have their physical health assessed, and be immunised.
Outcomes
The primary outcomes at six and 12 months were those aspects of the mother-infant relationship previously found to be associated with both socioeconomic adversity and maternal depression (that is, maternal sensitivity and intrusiveness); at 18 months the primary outcome was infant attachment. The secondary outcome was maternal depression (a dichotomous variable for depressive disorder and a continuous variable for depressive symptoms) assessed at six and 12 months. Assessments took place in a custom-made prefabricated research unit adjoining a local well baby clinic and women's health project, to which the research team brought mothers and infants. The building included a playroom with a one way mirror and an adjoining observation room. Mothers and infants were assessed at six and 12 months postpartum, when mother-infant interactions were observed, and at 18 months postpartum when infant attachment was formally assessed (see below). At six and 12 months postpartum their mental state (see below) was assessed. Mothers and infants in the intervention and controls groups visited the research unit on an equal number of occasions and for equivalent lengths of time, and their experience of the assessment procedures, including the video recording, was similarly equivalent.
Mother-child interactions
We used age appropriate measures to assess the quality of mother-child interactions at six months and 12 months, by scoring with established, reliable scales. At six months the mothers and infants were filmed in a 10 minute free play interaction, in which we asked mothers to interact with their infants as they would if they were at home. We rated episodes with the parent/ caregiver involvement scale, which measures the responses of the mother to her infant's needs and initiations. 25 In view of the literature and our own earlier findings in Khayelitsha, 14 21 our focus was on whether the intervention significantly improved the sensitivity of maternal interactive behaviour and reduced maternal intrusiveness. Accordingly, a trained rater, blind to both treatment group and maternal mental state, scored the videotapes on the five dimensions of "physical involvement," "verbal involvement," "responsiveness," "positive statements," and "control over child's activities," each rated on a five point scale for the "quality" and "appropriateness" of maternal behaviour. We calculated sensitivity as the sum of ratings for the first four dimensions and intrusiveness as the sum of ratings for the last dimension (with codes reversed). We assessed inter-rater reliability on 20 tapes and found it to be uniformly good (κ=0.81 for sensitivity and κ=0.85 for intrusiveness).
At 12 months the mother and child were observed in a structured play situation. 26 27 This comprised two three minute episodes, in each of which the mother was asked to play with the infant by using novel toys -a set of stacking rings and a form board. Each typically requires infants of this age to be given support by an adult, so they provided an opportunity to observe how well the mother was able to facilitate the child's play. A trained rater, who was blind to treatment group, maternal mental state, and the interactions at six months, scored maternal behaviour from the videotapes on measures of sensitivity and intrusive-coercive control. We used an established measure to rate sensitivity on a five point scale 26 27 ; scores were summed across the two tasks. We established intrusive-coercive control by counts of the defined behaviour. 27 A second trained rater, also blind to group and maternal mental state, scored 20 of the videotapes to establish inter-rater reliability: weighted κ=0.91 for sensitivity, and Pearson r=0.83 for intrusiveness.
Maternal depression
A trained black South African Xhosa speaking researcher interviewed mothers by using the major depression section of the structured clinical interview for the Diagnostic and Statistical Manual of Mental Disorders, fourth edition (DSM-IV) diagnoses. 28 The interview had been translated and then back translated by following standard principles. 29 The interviewer and the second author (a clinical psychologist), both of whom were blind to treatment group, reviewed each assessment anonymously, using both tape recordings and the interviewer's notes. A collective decision was made about each of the relevant symptoms, on which the decision about the presence or absence of a DSM-IV major depressive disorder was based. 30 We also obtained a continuous measure of depressive symptoms by incorporating the 10 items from the Edinburgh postnatal depression scale, each scored 0-3, into the structured clinical interview for DSM-IV.
Infant attachment
At 18 months, we used the strange situation procedure developed by Ainsworth and colleagues to assess infant attachment. 31 This is a structured, standard procedure, used extensively in research in both the developed and developing world. The assessment has good reliability and predictive validity. 32 The infant was filmed through a one way mirror, in an unfamiliar playroom over a 21 minute period, during episodes of separation and reunion with the mother and in the presence of a stranger. MT, who had been trained for reliability and was blind to all other information about the infants and their mothers, rated the videotapes. He used the ABCD system 31 33 ; that is, infants were rated as securely attached or insecurely attached, the second of these being specified as avoidant, anxious-resistant, or disorganised. We confirmed reliability by assessing agreement between MT and a second trained rater on 16 tapes (κ=0.96).
Statistical analyses
We used SPSS 12.0 for Windows for descriptive and analytical statistical analyses. We investigated continuous variables for departure from normality by using Shapiro-Wilk's test and compared the treatment groups by means of two sample t tests or Mann-Whitney U tests, as appropriate. For dichotomous outcomes we used χ 2 tests to compare groups. We also expressed the differences between the intervention and control groups for the mother-infant interaction variables in terms of effect size by using Cohen's d. 34 As mothers from Town II and SST did not differ on any of the outcomes for either the intervention or the control group, we ignored this variable in the analyses reported below.
RESULTS
Three quarters of the women in the intervention group received the full 16 sessions, and less than 15% received fewer than 10 sessions (mean number of sessions=14.1, SD 3.92). Table 1 shows the characteristics of the sample. The randomisation process resulted in closely equivalent groups in terms of demographic variables. Table 2 shows scores on the ratings of mother-infant interactions at six months and 12 months. At both time points, compared with mothers in the control group, those in the intervention group were rated as interacting with their children in a significantly more sensitive and less intrusive manner. Cohen d analyses revealed a small effect size for all variables (effect size for sensitivity of d=0.24 at six months and d=0.26 at 12 months; d=0.26 and d=0.24 for intrusiveness). Table 3 shows the distribution of classifications of infant attachment. A significantly greater proportion of infants of mothers in the intervention group than infants of control mothers were rated as securely attached at 18 months (74% v 63%; Wald=4.74, odds ratio=1.70, P=0.029). The principal difference between the groups derived from the higher rate of avoidant infants in the control group. The rate of disorganised attachments by infants was also higher in the control group, but not significantly so. We found no association between infant attachment status and the parenting variables. For example, although differing in the expected direction, the mean sensitivity ratings at 12 months for secure versus insecure infants were not significantly different (5.47 (SD=1.78) and 5.29 (1.52), t=0.82, df=276, P<0.44), and nor were the means for intrusiveness (7.77 (7.97) and 8.00 (8.80), t=0.24, df=276, P<0.82).
Mother-infant interactions
Infant attachment
Maternal depression
As can be seen in table 4, the prevalence of depressive disorder for the mothers in the intervention group was lower than that in the control group at both assessments; however, the differences were not statistically significant (χ 2 =0.85, df=1, P=0.36 at six months; χ 2 =1.16, df=1, P=0.21 at 12 months). With regard to maternal depressive symptoms (the continuous Edinburgh postnatal depression scale measure; see table 4), the mean scores for those in the intervention group were lower at both assessments than were those for the control group, but the benefit of treatment was significant only at six months (z=2.05, P=0.041 at six months; z=0.24, P=0.813 at 12 months). Neither maternal depressive disorder nor maternal depressive symptoms were correlated with the parenting variables or infant attachment. For example, at six months postpartum the correlations between the Edinburgh postnatal depression scale score and sensitivity was r=0.04, and that between the depression scale score and 
DISCUSSION
Compared with women who received no specific help or support, women in Khayelitsha who received a home based intervention interacted with their infants with greater sensitivity and with less intrusiveness, both shortly after completion of the intervention (six months postpartum) and at a longer term follow-up (12 months postpartum). The magnitude of improvement in parenting was of the same order as reported in studies in the developed world of supportive interventions that focused on sensitivity. 15 At 18 months postpartum infants whose mothers had received the intervention were more likely to be rated as securely attached to their mothers than were infants of control group mothers. Given the reliable relation between early insecure attachment and later childhood behavioural problems, the fact that more than 10% fewer of those who received treatment were insecure compared with the controls means that early intervention could have the potential to make an important contribution to reducing the rate of subsequent childhood disturbance.
Although we found no difference between treated and untreated mothers in terms of the prevalence of depressive disorder, the intervention had some benefit in terms of maternal mood at six months (as measured by the Edinburgh postnatal depression scale). The limited effect of the intervention on maternal depression is consistent with other research showing that interventions principally directed at the mother-infant relationship do not necessarily bring about improvements in maternal mood. 35 Prevalence of depressive disorder in both the control and the intervention group in this study were somewhat lower than those found in our previous epidemiological study, possibly reflecting the steady improvement in living conditions in the intervening period, which may have alleviated a key source of distress in the women's lives.
The positive impact of the intervention on infant attachment is in line with the findings of previous research on the benefit of early mother-infant interventions, although, to our knowledge, this is the first demonstration of such a benefit in a developing world context. The effect size for maternal sensitivity is similar to the difference in sensitivity between depressed and non-depressed postpartum women living in conditions of adversity in the United Kingdom, 13 20 a magnitude of difference that strongly predicts adverse cognitive development. 36 The absence of an association in our study between security of infant attachment and improvement in the specific features of the mother-infant interactions measured is not inconsistent with the previous literature 37 ; the intervention may have improved dimensions of parenting related to attachment that were not assessed in our study. Although the benefit of the intervention could have been merely a function of the women in the intervention group receiving more attention than women in the control group, this is unlikely as two recent reviews of early intervention studies have concluded that attention not directed specifically at mother-infant engagement has no impact on the quality of the mother-child relationship. 35 38 The findings of this study show that the benefits to the mother-infant relationship of an early intervention in developed world contexts similarly obtain in the deprived peri-urban conditions of Khayelitsha. The intervention was delivered by women from the local community who had no formal training, apart from that received from the study team for delivery of the intervention. In addition, they had a focused task (rather than responsibility for comprehensive community health), they were given appropriate support and supervision, and they had strong community support, all of which are regarded as essential for effective community health worker programmes. 39 This indicates that the intervention is potentially sustainable and that it could be "scaled up" in developing countries with relatively limited resources. Clearly, the design of the study precludes any discussion of whether similar, or superior, outcomes might have been achieved if a different form of intervention had been delivered.
Strengths and weaknesses
Despite the difficult developing world circumstances, we were nevertheless able to do a randomised trial of a mother-infant intervention in which rigorous trial procedures were followed: a standardised psychological intervention was delivered, and systematic independent assessments were made. Indeed, "gold standard" assessments were made of both the mother-infant relationship and outcomes in infants. We were able to train lay community workers to deliver the intervention to a high standard, and the intervention itself, conceived in a developed world context, was highly acceptable to the women receiving it, with very low dropout rates for those who did not move away. That we could not
WHAT IS ALREADY KNOWN ON THIS TOPIC
Mother-infant interactions are adversely affected by both socioeconomic adversity and maternal depression Such impaired interactions are associated with adverse psychological, social, and physical consequences for child development Some evidence from Western countries shows that interventions directed at mother-child interactions can improve mother-child interactions and childhood outcome
WHAT THIS STUDY ADDS
A home based mother-infant intervention, delivered by trained lay therapists in the context of socioeconomic disadvantage, has positive benefits for both maternal responsiveness and children's emotional development This low cost approach could be integrated within health systems at a population level to deliver interventions to mothers and their infants in the developing world investigate which aspects of the treatment were particularly effective was unfortunate.
Questions and future research Our findings raise two important questions. Firstly, determining whether the improvements in the early mother-infant interactions and infant attachment are realised in subsequent positive developmental outcomes in children is important. The children living in areas such as Khayelitsha are at considerable risk of poor physical and emotional health, violence, educational failure, and a host of other associated adverse outcomes. 40 If the improvements in mother-infant interactions and infant attachment were shown to be of benefit in terms of these long term outcomes, this would be very important. The fact that rates of avoidant and disorganised attachment were especially low for infants in the intervention group is particularly encouraging, as these are forms of insecure attachment associated with subsequent conduct problems in children. 41 Secondly, the positive results produced in this study arose in the context of a tightly delivered research intervention. That the intervention can be developed into a sustainable and widely available service that produces benefits similar to those obtained in this study needs to be shown. The fact that such positive outcomes were obtained by using lay therapists is particularly encouraging in this regard. This suggests that the intervention is not only sustainable but has the potential to be scaled up at low cost in resource constrained settings in developing countries.
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